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SUMMARY 

Weyauwega Lake, an impoundment of the Waupaca River, is located 
in t h e  City of Weyauwega, Waupaca County, Wisconsin. It d r a i n s  
an  extensive (250 sq mi) primarily open/agricultural watershed 
through several inlets, as well as paved/residential areas 
through stormwater discharge pipes. 

Water quality, according to t h e  Trophic S t a t e  Index, indicated a 
mesotrophic to eutrophic status ( w i t h  lower than expected levels 
of total phosphorus); total phosphorus was very high  in r a i n  
even t  inflows. Light penetration was such that t h e  e n t i r e  l ake  
bottom received s u n l i g h t  f o r  plant production m o s t  of the time. 

Aquatic plants were widespread and very abundant; coontail and 
common waterweed, both potentially nuisance species,  were most 
abundant. Nuisance aquatic plant growth makes much of t h e  lake 
impassible d u r i n g  open w a t e r  mon ths .  

Sedimentation in Weyauwega Lake was estimated to be relatively 
h i g h  (like in many impoundments) and contributes to reduced 
impoundment capacity and increased plant growth. Upstream areas 
of dense emergent and submergent vegetation help to filter 
sediment during periods of relatively lower flow. 

Management recommendations t a rge t  reduction of nutrient and 
sediment in f lows ,  improved recreational a n d  aesthetic values, and 
improvement of wildlife and fishery h a b i t a t :  

Water quality monitoring should be continued on a similar 
schedule to track trends; event and Self-Help monitoring 
should be continued to f u r t h e r  assess s tomwa te r  inputs. 

Riparian land use practices, including fertilizer, sediment 
and runoff management, should be encouraged. 

~ffective localized macrophyte harves t  should be implemented 
to improve access and maximize edge. 

Use zones (upstream E. downstream) should be considered. 

T h e  f e a s i b i l i t y  of stormwater discharge r e d u c t i o n  or 
redirection should be assessed. 

Efforts to establish t h e  Waupaca R i v e r  Watershed as a 
p r i o r i t y  watershed should continue to facilitate 
implementation of Best Management Practices (BMPrs) 
throughout t h e  watershed. 

Dredging options may be addressed, b u t  only after a 
watershed-wide erosion control plan is designed. 

1 Text terms in bold print defined in glossary (pp. v i - v i i )  



Weyauwega Lake is located in the Town and City of Weyauwega i n  

south-central Waupaca County, Wisconsin. Weyauwega Lake is 

actually a 251 acre impoundment of t h e  Waupaca R i v e r  created i n  

1940 by the construction of a hydroelectric d a m  which c u r r e n t l y  

remains in o p e r a t i o n .  

The Weyauwega Lake Conserva t ion  Club (WLCC) was formed in 1978 to 

provide leadership and coordination of lake preservation and 

educational activities pertinent to the Weyauwega Lake resource. 

Overall, the major concerns in development of a lake management 

p l a n  included extensive nuisance weed growth,  siltation, and non- 

point source nutrient input. C u r r e n t l y ,  t he  WLCC h a s  5 elected 

officers and about 4 2  members. 

The WLCC, in September 1990, decided to pursue t h e  development of 

a long range management plan under the Wisconsin Depar tmen t  of 

Natural Resources (WDNR) Lake Management Planning G r a n t  Program. 

The WLCC o f f i ce rs  selected IPS E n v i r o n m e n t a l  & Analytical 

Services ( I P S )  of Appleton, Wisconsin as i t s  consultant to assist 

in development the plan. A grant application, incorporating 

required or recommended program components and the following 

objectives, was prepared, submitted, and approved in March, 1991: 



quantification of nutrient and sediment problems, 

identification of sources of n u t r i e n t s  and sediment, 

development of nutrient and sediment c o n t r o l  measures, 

increase public awareness, knowledge and participation 

in lake management efforts management efforts, 

document the multi-use potential of t h e  lake. 

A Planning Advisory Committee, comprised of representatives from 

WLCC and I P S  m e t  initially in March, 1991 to provide program 

guidance and direction. 



DESCRIPTION OF AREA 

Weyauwega Lake (T21N R13E S4,  5 )  is a drainage lake (possessing a 

permanent  inlet and outlet) located partially in the City of 

Weyauwega, in Waupaca County, Wisconsin (Figure 1). The lake is 

actually an impoundment of the Waupaca R i v e r  created by a dam f o r  

g e n e r a t i o n  of hydroelectricity. 

T h e  general topography of Waupaca County is r e l a t e d  to glacial 

activity. The watershed is about 250 sq. miles; the more 

immediate Weyauwega Lake subwatershed ( i . e . ,  26 sq. miles and 

comprised of lands draining downstream from the c o n f l u e n c e  of the 

Waupaca and C r y s t a l  R ive r s )  was analyzed by 4 0  acre parcels and 

comprised of open/agricultural areas (80%), marsh/wetland areas 

(11%) and forested areas (9%) (Figure 2). Land slopes in t h e  

subwatershed were nearly level (76%), gently sloping (6%) and 

sloping (19%). Soils t e x t u r e s  were silt (81%), sand (18%) with 

small areas of c l a y .  

Topography adjacent  to the lake is n e a r l y  level to gently 

sloping. The major s o i l  types adjacent  to Weyauwega Lake are 

moderately well drained Borth silty c l a y  loams on 1-4 percent 

slopes (most ly  to the N o r t h ) ,  excessively drained Plainfield 

loamy sands on 0 to 6 percent slopes (to t he  South and East)  and 

somewhat poorly drained Syrnco loams on 0 to 3 p e r c e n t  slopes (to 
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Figure 2. Some Physical Characteristics of the Weyauwega Lake 
Subwatershed. 



Figure 2 (continued). Some physical characteristics of the 
Weyauwega Lake Subwatershed. 



the South and West). Soil permeability is rapid in P l a i n f i e l d  

soils and moderately slow in Borth and Symco s o i l s .  S o i l s  are 

poorly s u i t e d  f o r  septic s y s t e m s  s i n c e  there is potential of 

sep t i c  runo f f  or infiltration to groundwater or surface waters 

because of wetness (Symco, Borth) or high permeability 

( P l a i n f  i e l d ,  4) . 

Weyauwega Lake has a surface  area of 251 acres, an average depth 

of about 5 feet, and a maximum depth of 10 feet ( 5 ) .  The f e t c h  

is 1.56 miles and lies i n  a west-east orientation and the w i d t h  

is 0.6 miles i n  a north-south orientation. The Weyauwega Lake 

watershed to l a k e  r a t i o  is a b o u t  4 4 5  to 1 which means that 4 4 5  

times more land t h a n  lake sur face  area d r a i n s  to t h e  l a k e .  Lake 

volume is approximately 7 5 5  acre feet w i t h  a residence time of 

2 .65  days (5). Predominant littoral substrates include s a n d  

( 7 0 % ) ,  muck (15%), rubble (8%), gravel (5%)  and clay ( 2 8 )  (Pers. 

comm. WDNR) . 

Four storm sewers a re  located along the southeast shore a n d  d r a i n  

to Weyauwega Lake. Storm sewer discharge is untreated runoff 

from lawns, s t r ee t s ,  parking lots and other  paved areas and is a 

potential s o u r c e  of salts, sand, nutrients, pesticides, 

vegetative debris ,  o i l ,  grease and potentially toxic pollutants. 

Weyauwega Lake was the downstream terminus of an extensive rough 



fish c o n t r o l  p ro jec t  in 1971. T h e  project  encompassed 4 2  miles 

of the Tomorrow-Waupaca River and tributaries, 8 miles of t h e  

Crystal River and t r i b u t a r i e s ,  several lakes and numerous ( 3 7 )  

private ponds (Table 1). Weyauwega Lake was drawn down to the 

o r i g i n a l  stream channe l  f o r  antimycin t r e a t m e n t ;  over 8 5 , 0 0 0  

pounds  of fish including c a r p  (52.9%) and mixed suckers and 

redhorse  (40.6%) were removed. Subsequent reintroduction of 

forage  organisms and sport fish stocking began in November, 1971 

and continued in 1972 (Tab le  2, Pers. comrn.  WDNR) . 

Recent fish surveys show that Weyauwega Lake supports fish 

species including: largemouth bass (Micro~terus  salrnoides) ,  

smallmouth bass  [ M i c r o p t e r u s  do lomieu i )  , rock bass  (Ambloplites 

rupestris), yellow perch (Pcrca flavescens), black crappie 

(Pornoxis niaromaculatus) , common sunfish (Lepomis s p p . ) ,  n o r t h e r n  

pike (Esox lucius), black bullhead (Ictalurus melas), brown 

bullhead (Ictalurus nebulosus), yellow bullhead ( I c t a l u r u s  

natalis), madtoms ( N o t u r u s  s p . ) ,  carp (Cvprinus c a r p i o ) ,  white 

s u c k e r  ( C a t o s t o m u s  comrnersoni), hog sucker (Hypentelium 

n i s r i c a n s )  , and dogfish (Amia calva) (Pers. comm. WDNR) . 

P u b l i c  access (paved ramp with parking) is available near t h e  dam 

j u s t  east of Highway 110 and at a less improved public landing 

(with parking) on Lake Street .  



Table 1. Tonorrow - Waupaca ~ i v e r  Lakes or Ponds Treated wi th  
Ant i rnyc in ,  1971. 

-- 

Lake or pond + County Acreaqe 
Nelsonville Pond Portage 31.8 
Meyerts Lake 
Amherst Pond 
Makuski Lake 
Eberts Lake 
Shadow Lake 
Mir ro r  Lake 
Big Birchyard Pond 
L i t t l e  Birchyard Pond 
Cary Pond 
Weyauwega Lake 

por tage  
Portage 
Portage 
Portage 
Waupaca 
Waupaca 
Waupaca 
Waupaca 
Waupaca 
Waupaca 

TOTAL 4 6 9 . 0  

T a b l e  2.  Restocking E f f o r t  After Antimycin Treatment, 1971 - 
1972, Weyauwega L a k e ,  Waupaca County, WI. 

Year 
1971 
1971 
1971 
1 9 7 2  
1972 
1972 
1972  
1972 
1972 
1 9 7 2  
1 9 7 2  
1 9 7 2  

Orsanism 
Daphnia spp.  
Largemouth Bass fingerlings 
Walleye fingerlings 
Daphnia spp. 
Bluegill adults 
Yellow Perch a d u l t s  
Largemouth Bass f r y  
Largemouth B a s s  fingerlings 
Walleye f r y  
Walleye fingerlings 
Walleye yearlings 
Nor thern  Pike fry 

Amount 
5 q u a r t s  

8,420 
1,000 

17 quar t s  
25,000 

100 
7 7 , 0 0 0  
18,140 

3,000,000 
6,000 
3,098 

3,614,000 
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METHODS 

FIELD PROGRAM 

Water sampling was conducted in Winter (March 7 ) ,  late-Spring 

(May 2 8 1 ,  Summer (August 1) and late-Summer (September lo), 1991, 

and Sprinq ( A p r i l  2 7 )  a n d  S u m m e r  ( J u l y  I), 1992, at Stations 

0301, the deepest point, a n d  0302 ,  t h e  Waupaca River inlet ( T a b l e  

2, Figure 2 ) .  Station 0301 was sampled near surface (designated 

llS1l) and near bottom (designated "BI1); Station 0302 was sampled 

mid-depth (designated I1M"). 

Physicochemical parameters measured in the f i e l d  were Secchi 

depth, w a t e r  temperature, p H ,  d i sso lved  oxygen (DO), and 

conductivity. F i e l d  measurements were taken using a standard 

Secchi d i s k  and e i t h e r  a Hydrolab Surveyor  I1 or 4041 

multiparameter meter; Hydrolab units were calibrated prior to and 

subsequent to daily use. 

Samples were t aken  f o r  laboratory analyses  with a Kemmerer water 

b o t t l e .  Samples w e r e  labelled, preserved i f  n e c e s s a r y ,  and 

packed on ice in the f i e l d ;  samples were delivered by overnight 

carrier to the laboratory. All l abora to ry  a n a l y s e s  were 

conduc ted  at t h e  State Laboratory of Hygiene (Madison, WI) using 

WDNR or APHA (1) methods. Winter water quality parameters 



Table  3 .  Sampling S t a t i o n  Locations, Weyauwega Lake, 1991 - 
1992. 

Site 

WATER QUALITY 

Latitude/Lonqitude Depth 

4 4 "  19' 30" 88' 56' 05" 10.0 ft. 
4 4 "  19' 40" 88' 5 7 '  55'' 2 . 0  ft. 

MACROPHYTE TRAMSECTS 

Latitude/Longitude Transect ~earing Depth 
Transect Oriqin End Lenqth (m) (Deqrees) ~ a n q e '  



Figure 3 .  Sampling Sites, Weyauwega Lake, Waupaca County, WI, 
1991 - 1992. 
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included laboratory p H ,  total alkalinity, total Kjeldahl  

nitrogen, ammonia nitrogen, nitrate/nitrite nitrogen, total 

phosphorus and di s so lved  phosphorus. Spring parameters 

determined by the laboratory included laboratory pH, total 

alkalinity, t o t a l  solids, t o t a l  Kjeldahl nitrogen, ammonia 

nitrogen, n i t r a t e / n i t r i t e  n i t r o g e n ,  total phosphorus, dissolved 

phosphorus, chlorophyll g. Summer and late Summer laboratory 

analyses included total ~ j e l d a h l  nitrogen, ammonia nitrogen, 

nitrate/nitrite nitrogen, total phosphorus, dissolved phosphorus, 

and chlorophyll 3 .  

Event sampling sites were located at two major  inlets to t h e  

impoundment ( S i t e s  03E1 and 03E2) and at each of the f o u r  s torm 

sewers (ST1, ST2, ST3 and S T 4 )  to assess the q u a l i t y  of overland 

runoff inflows. Event samples w e r e  collected from the major 

inlets a f t e r  a major storm event (1" precipitation in a 24 hour  

per iod)  on August 9 ,  1991. Storm sewer event samples  were also 

collected a f t e r  a major storm event on August 26, 1992 at each of 

t h e  f o u r  storm sewer outfalls. Event  sample l abora to ry  analyses 

included total Kjeldahl n i t r o g e n ,  ammonia nitrogen, 

nitrate/nitrite nitrogen, total phosphorus and dissolved 

phosphorus. 

Macrophyte surveys were conducted in e a r l y  Summer (June 25) and 

again later in t h e  season (September 10) using a method developed 



by Sorge et a1 and modi f i ed  by t h e  WDNR-Lake Michigan D i s t r i c t  

(WDNR-LMD) f o r  use in t h e  Long Term Trend Lake Monitoring Program 

( 8 ) .  Transect endpoints were established on and of f  shore f o r  

use as reference from o n e  sampling period to the next. These 

points were determined using a Loran Voyager Sportnav 

latitude/longitude l oca to r  and recorded w i t h  bear ing  and d i s t a n c e  

of  t h e  t r a n s e c t  ( l i n e  of collection) for future surveys. Five 

transects sampled in 1991 were chosen to provide information from 

v a r i o u s  habitats and areas of i n t e res t .  

Data were recorded from three  depth ranges ,  i.e., 0 to 0.5 meters 

(1.7 f e e t ) ,  0 . 5  to 1 . 5  meters ( 5 . 0  feet), and 1.5 to 3 . 0  meters 

(10.0 feet), as a p p r o p r i a t e  a long  each transect. Plants were 

identified (collected f o r  verification as appropriate), density 

r a t i n g s  assigned ( s e e  below), and substrate type recorded along a 

s i x  foot wide  path on t h e  transect using a garden rake, snorkel 

gear or SCUBA where necessary. Macrophyte density r a t i n g s ,  

a s s i g n e d  by species, were: 1 = Rare, 2 = Occasional, 3 = Common, 

4 = Very Common, and 5 = Abundant. These r a t i n g s  w e r e  treated a s  

numeric data points for the purpose of simple descriptive 

statistics in the Field Data Discussion sec t i on  of this repor t .  

Sediment dating was performed on one of three sediment samples 

taken July 1, 1992 from a depositional area in t h e  upstream reach 

of the impoundment. Samples were collected by pushing an 8 foot 



( 1 . 5 "  diameter) core liner into t h e  substrate a s  f a r  as possible 

(about 7 - 7 . 5  f ee t ) .  The top of t h e  core was capped, the core 

removed, a n d  the bottom capped upon removal from t h e  sediment.  

Cores were frozen overnight, removed from t h e  liner and c u t  every 

L cm f o r  t h e  first 5 cm and every 2 crn thereaf te r .  The samples 

were then dr ied  and sent to the University of Wisconsin-  

Milwaukee, Cen te r  for Great Lakes Studies f o r  Lead-21.0 ana lyses  

to d e t e r m i n e  time of deposition ( i n  years before p r e s e n t ) .  

OTHER 

Wa-ual ity In format ion  - 

Additional lake information was retrieved from the WDNR Sur face  

Water Inventory ($1,  WLCC water quality data,  isc cons in S e l f  H e l p  

Monitoring Program ( 2 ) ,  t h e  WDNR Wisconsin Lakes publication ( 5 )  

and the WDNR WI LAKES B u l l e t i n  Board System. 

Land U s e  I n fo rma t ion  

Details of zoning and specific land uses were obtained from t h e  

UW-Extension, Waupaca county  zoning maps, United S t a t e s  S o i l  

conservation Service soil maps ( A ) ,  aer ia l  photographs, and 

United States Geological Survey quadrangle maps.   his 

information, when considered questionable or out-dated, was 

confirmed by field reconnaissance. 



Ordinance i n fo rma t ion  was taken from Waupaca County Zoning 

Ordinance,  Waupaca County Floodplain Zoning O r d i n a n c e ,  and 

Waupaca County  Eros ion  C o n t r o l  and Animal Waste Management Plans 

w h i c h  were acquired from t h e  Waupaca County Land Conservation 

Department. 

Public Involvement Proqram 

A summary of public involvement a c t i v i t i e s  coordinated w i t h  t h e  

lake management planning process  is outlined in Appendix I. 



FIELD DATA DIBCUSSION 

Impoundments differ from natural lakes in that they 

characteristically have much larger watersheds, e x h i b i t  periodic 

f l u s h i n g ,  and  " f i l l - i n T 1  with d e p o s i t i o n  of t h e  river's sediment 

load.  While natural lakes tend toward a state of dynamic 

equilibrium, the physical, chemical and biological 

characteristics of impoundments can vary substantially over time 

a s  they are continuously affected by flow c o n d i t i o n s  of t he  

parent r i v e r .  Physicochemical parameters  and biological 

communities in reservoirs are longitudinally and transectionally 

related to basin morphometry, are temporally affected by f low 

conditions (in the ups t ream reach) and water mass retention t i m e  

(in the lower reach), which may be influenced substantially by 

flow release operations at t h e  dam. 

Weyauwega Lake is particularly prone to n u t r i e n t  a n d  sed iment  

inputs because t h e  impoundment drains a predominantly 

open/agricultural watershed (80%) with f e w  wetland and f o r e s t e d  

areas.  The impoundment also has the potential to receive 

substantial input from four c i t y  storm sewers. If nutrient and 

sediment inputs from t h e  watershed can be minimized, periodic 

flushing during high flow periods can r a p i d l y  improve conditions 

in an impoundment. 



Phosphorus is o f t e n  t h e  l i m i t i n g  major nutrient to alga l  and 

plant produc t ion  in lakes. Sur face  total phosphorus during 1991- 

1992 monitoring ranged from 0.025 to 0.033 mg/l (parts per 

million, average = 0.028, median = 0.028, standard deviation (a) 

= 0 . 0 0 3  m g / l )  at S t a t i o n  0301 (Table 4 ) .  Total phosphorus at 

Station 0302 (Waupaca R i v e r  inflow) ranged from 0 . 0 2 5  to 0.053 

m g / l  ( ave rage  = 0.034, median = 0.033, o = 0.010 m g / l )  over the 

same period (Table 5 ) .  N i t r o g e n  to phosphorus r a t i o s  ( N / P  ratio) 

generally greater t h a n  15 ( f o r  regular monitoring) i n d i c a t e d  

Weyauwega Lake to be phosphorus limited. Monitoring of feeder 

creeks a n d  s t o r m  sewers (Table 6 )  during r a i n  events showed 

significant inflow of nutrients from the watershed and from storm 

sewers. 

Summer surface phosphorus levels in 1991-1992 ( 0 . 0 2 5 ,  0 . 0 2 6 ,  

0.030 mg/l; average = 0 . 0 2 7 ,  median = 0.026, (o) = 0 . 0 0 2  m g / l )  

at S i t e  0301 w e r e ,  according to a recent compilation of summer 

total phosphorus levels in upper midwestern lakes ( m ) ,  slightly 
lower than typical (.030 to .050 mg/l) for lakes in the 

transitional reg ion  in which Weyauwega Lake is located. The 

average summer surface total phosphorus value for Weyauwega Lake 

was also somewhat lower than that found in a summary of 100 

Wisconsin impoundments (ave. = 0.064, median = 0.035, D = 0.100 

m g / l )  and well below that for impoundments with 0-14 day 

residence times (ave, = 0 .094 ,  median = 0.075, o = 0.079) (11). 



Table 4 .  Water Quality Parameters, S t a t i o n  0301, Weyauwega Lake, 
1991 - 1992. 

m R  LW!& P3/07/9L DJ1128/91 Q L Q U l  QY/lDL91 94/27 /9Z 0 7 / 0 [ 1 9 2  

S e c c b ~  ( f e e t  l tl R' 8 . 0  >10.0 >10.0 5 . 5  >l0.11 
C l o u d  Covrr (1 )  WR 100 0 NR 0 90 - Temp~rature (OC) S 2 2 . 9  2 1 . 9 9  21.CO 8 5 20 I9 

0 0.25 1 1  1 2 0  18 2 1 . 3 2  1 . 4 9  1 9 . 1 9  
pH ( 5 . U . )  S 6.11 8. bS 8.08 8 . 3 1  7 . 7  1 

0 7 . 1 5  7 .11  1 .66  6 . 0 2  8 . 2 7  - - 7 6 6  
D 0. (mp,/11 S 9 . 8 5  8 . 7 4  8 . 1 2  1 2  13 6 . 0 7  

8 B 3 5  5.09 7 . 5 B  
J66 

NR . . 6 59 
LOnducL i v l  ~y (rmhva/cm) S 3 3 5  366 3 2 1  3 1 2  

B ? 5 1  36 1 384 367 >12  373 
L a b o f n t o r y  pH ( s . v .  S . . 8.4 NU NR 8.40 MR 

B 8 . 1  8 . 0  HR HR 8 . 3 0  HR 
-. Total Alkalinit? (mg/l) S 170 NR FR 1 66 NR 

B 186 1 7 3  PI? HR 161 tlR 
roc*: S o l i d r  ( m g / l )  5 . - 2 .  NK HR 2 10 HR 

I3 NK 2 .  NR WA 7 16 MR 
- - Totol Kjeldahl H ( m g / l )  S 0 . 6  0 3 0 . 3  0 . 8  D 5 

A 0 . 6  0 6 0.4 0 . 4  0 . 7  0.1 
b m 0 ~ 1 ~ N l t r b ~ e n ( m ~ / l ~  s - - g .  035 0 . 0 2 6  0 019 0 . 0 2 8  0 .  108 

0 0 . 1 8 2  0 .061 0 . 0 4 1  0 . 0 2 2  0 . 0 1 3  0 . 1 0 2  
Im, * H O , N l t r o g e n ( r n E / l )  S - - 1.00 1 15 1.16 1 . 8 7  1 05 

R 2 . 2 5  1 . 0 4  1 . 0 7  1 . 0  1 54 I 6 1  
. . Total H i t r n ~ e n  (rne/l) S 1 . 6  I C >  1 . 4 6  2 . 6 7  1 . 5 5  

0 2 -85 1 . 6 4  1 47 1 . 4  2 .  > 4  2 . 0 1  
Total Phosphorus I m g / l )  S . - 0 . 0 3 3  0 025 0 . 0 2 6  0 .020  0.0311 

8 0 . 0 3 7  0 . 0 4 3  0 038 0 . 0 2 9  0 . 0 2 9  0 031 
D i s s .  Phosph~r l i .  (m~/1) 5 -. 0.012 0 U16 0.010 0.002 0 . 0 1 2  

B 0 . 0 2 ~  0 . 0 2 1  0 029 0 . 0 1 2  0 . 0 0 2  0 . 0 1 2  
. . H/Y KsClo 5 4 8 . 5  5 8  0 5 6 . 2  9 5 . 4  5 1 . 7  

8 1 7 . 0  38 .1  3 6 . 7  4 8 . 3  07.6 64.0 
Chlorophyll 1 (mg/l) S - - 4 HP. 3 11 2 
----------------------+----+-------------------.------------------------------------- 

' 5 -  h WCC 0 .*U ha. 
'ra a n  P-+W 

----- 



Table 5 .  Water Quality Parameters, s t a t i o n  0302, Weyauwega Lake, 
1991 - 1992. 

- - - 

J'APMETES ~ M P L E '  06/01/91 P9/1G/Yl 9 4 / 2 7 / 9 2  

S e c c h i  (feet) 2 5 . 0  7 2 . 0  r 3 . O  > 2 . 0  >2 0 

Cloud Cover ( % I  80 0 10 0 9C 

Temperature ('C) M 2 1 . 1 3  24.18 1 9 . 6 0  8 . 7 3  20 .69  

Conducri v l t y  (pnhos/crn) t! 3 J I  374 393 326 3 6 5  

LsboraLory FH ( s . u . )  n 7.8 NR' NR 8.30 NR 

T o t a l  Alkalinity ( m g / l )  H 170 HR KR 169 HR 

T o t a l  Solids (mg/l) t i  6. HR KF! 244 NR 

T o t a l  K j e l d a h l  H ( m g / l )  hl 0 .  b 0.4 0 . 3  0 . 5  0.3 

Awnonin Nitrogen (mg/L) M 0 . 0 4 4  0 .026  0.048 0 .  @28 0 . 0 4 8  

No: 4 HV, H~crogen(mg/I) PI 1 . 2 8  1 . 2 4  1 . 8 2  1 B 7  1 . 5 6  

T o t a l  Pho5phorus (mg/l) H 0 . 0 5 3  0 . 0 3 3  0.027 (1.033 0 . 0 2 5  

U/P R a t i o  H 3 5 . 5  4 9 . 7  7 8 . 5  7 1 . B  7 6 . 4  

Chlorophyll p (.g/l 1 H 4 3 3 13  3 
------------------------+-------------------+-+-------------------------------------- 

' H = Hid-depth 
' NR = No Peadlng 



Table 6. Event Water Quality Parameters ,  Weyauwega Lake, August 
9 ,  1991 (Sites 03E1, 03E2) and August 26, 1992 (Sites 
ST1 - S T 4 ) .  

SITE 
03EI QLu Zrl 

Total Kjeldahl  H ( m g / L )  3 . 3  1.6 3 . 4  6 . 5  

Ammonia Hitragen ( m g / l )  0.033 0 . 0 8 5  0 . 4 2 7  0 . 2 8 1  

NO, + NO, Nitrogen ( m q / l )  0.010 1.48 0 . 5 8 4  0.219 

Total Nitrogen ( m g / L )  3 . 3 1 0  3.08 3 . 9 8 4  6.719 

Total Phosphorus (rnq/I) 0 . 5 6  0 . 4 5  0 . 5 9  3 . 0 4  

Diss . Phosphorus (mg/ 1 ) NR HR 0.112 0.011 

N/P R a t i o  5 . 9  6 . 8  6 . 8  2 . 2  



T o t a l  nitrogen is h igh ly  variable among lakes and should o n l y  be 

related on a relative scale w i t h i n  the same lake. Total surface 

nitrogen f o r  the 1991-1992 monitoring dates ranged from 2.67 mg/l 

to 1.45 mg/l. Event  sample r e s u l t s ,  particularly f o r  storm 

sewers 2 and 3 ,  w e r e  much higher  f o r  total n i t r o g e n .  High 

n i t r o g e n  va lues  may indicate fertilizer and/or an imal  waste i n p u t  

to the sys tem.  

o ther  indicators of lake eutrophication s t a t u s  i n c l u d e  light 

p e n e t r a t i o n  and algal product ion .  Numerous summarative indices 

have been developed, based on a combination of these and other 

parameters, to assess or monitor lake eutrophication or aging. 

The ~rophic State Index (TSI) developed by Carlson (12) utilizes 

Secchi transparency, chlorophyll g ,  and total phosphorus. As 

with most indices, application is generally most appropriate on a 

r e l a t i v e  and t r e n d  monitoring basis. This particular index does 

n o t  account  f o r  n a t u r a l ,  regional variability in total phosphorus 

levels nor in Secchi transparency reduction unrelated to algal 

growth ( e . g .  that associated with color). 

TSI numbers f o r  Weyauwega Lake with respect to in-lake surface 

total phosphorus (first five readings, Figure 5)  i n d i c a t e  a 

eutrophic classification; application of TSI1s to event sample 

results (last f i v e  readings Figure 5)  would indicate a highly 

eutrophic situation. TSI numbers varied between mesotrophic and 
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Figure 4 .  Trophic State Index f o r  T o t a l  Phosphorus, Weyauwega 
Lake. 

slightly e u t r o p h i c  fo r  S e c c h i  depth (Figure 6 )  and chlorophyll a 

readings  (Figure 7). Secch i  depth TSI trends were biased high by 

readings  I f t o  bottom" on most sample dates. A statistical summary 

of 100 Wisconsin impoundments i nd ica t ed  an average chlorophyll g 

reading of 2 2 . 3  p g / l  (median = 11.0 p g / l ,  standard deviation = 

27.2  p g / l ) ,  compared to the 1991-1992 i n - l a k e  average of 5 . 0  p g / l  

(median = 3.5, u = 3 . 5  mg/l) f o r  Weyauwega Lake. 

During recent rnacrophyte su rveys  (Appendix 111) , macrophytes 

(Table 7 )  were found at 2 5  of 26 sample s i tes  (sample sites = 
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Figure 5 .  Trophic State Index f o r  Secch i  Depth, Weyauwega Lake. 
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Table  7 .  Macrophyte Spec i e s  Observed, Weyauwega Lake, 1991 (13). 

Taxa -- 

. . . . . . . . . . . . . . . . . . . . .  Watershield 
(Brasenia scherberi) 

. . . . . . . . . . . . . . . . . . . . . .  Coontail 
(Ceratophyllum demersum) 

. . . . . . . . . . . . . . . . . . . . . .  Muskgrass 
(Cha ra  sp.) 

. . . . . . . . . . . . . . . . . .  Common waterweed 
(Elodea canadens i s )  
Filamentous algae . . . . . . . . . . . . . . . . . .  
Duckweed . . . . . . . . . . . . . . . . . . . .  
(Lema minor) 
N o p l a n t s f o u n d .  . . . . . . . . . . . . . . . . . .  
W h i t e p o n d l i l y .  . . . . . . . . . . . . . . . . . .  
(Nvmphaea s p . )  
Large-leaf pondweed . . . . . . . . . . . . . . . . .  
(Potamoqeton a m p l i f o l i o u s )  
C u r l y - l e a f  pondweed . . . . . . . . . . . . . . . . .  
(Potamoqeton criswus) 
Leafy  pondweed . . . . . . . . . . . . . . . . . . .  
(Potamoqeton f o l i o s u s )  
S a q o p o n d w e e d .  . . . . . . . . . . . . . . . . . . .  
(Potamoqeton pec t ina tus )  
clasping-leaf pondweed . . . . . . . . . . . . . . .  
(Potamoqeton richardsonii) 
Fla t - s t empondweed  . . . . . . . . . . . . . . . . .  
(Potamoqeton z o s t e r i f o r m i s )  
Rush . . . . . . . . . . . . . . . . . . . . . . . .  
(~cirpus s p . )  

. . . . . . . . . . . . . . . . . . . . . . .  Cattail 
(Tvwha l a t i f o l i a )  
Eel grass (water celery) . . . . . . . . . . . . . .  
(mllisneria amcricana) 
Watermeal . . . . . . . . . . . . . . . . . . . . . .  
(Wolf f ia columbiana) 

Code 

BRASC 

CERDE 

CHASP 

E LOCA 

FILAL 
LEMMI 

tJOPLT 
NYMSP 

POT AM 

POTCR 

POTFO 

POTPE 

POTRI  

POTZO 

SCISP 

TYPLA 

WOLCO 

number of depth  ranges sampled on both d a t e s ) .  Coontail 

(Ceratowhvllum demersum) was w i d e l y  distributed (at 21 of 26 

s i t e s ) ,  and the most abundant macrophyte ove ra l l  (Tables 8-11), 

Coontail has worldwide range, is a submergent plant typically 



T a b l e  8. Occurrence  and Abundance of Macrophytes by Depth, 
Weyauwega Lake, June, 1991. 

CODE 

BRASC 
CERDE 
CHASP 
ELOCA 
FI LAL 
LEMMI 
NOPLT 
N Y M S P  
POTAM 
POTCR 
POTFO 
POTPE 
POTRI 
POTZO 
SCISP 
TYPLA 
VALAM 
WOLCO 

1 (N=5) 
C Abun- 

% of dance 
S i t e s  ( r a n s e l  

Depth Ranges 

2 IN=5) 
C Abun- 

% of dance 
Sites [ranqe) 

3 (N=3) 
C Abun- 

% of dance 
Si t e s  f ranqe)  

found on soft substrates, and o f t e n  does well in turbid water  

where many plants do n o t .  It is rated as a fair waterfowl food 

and  provides fish w i t h  both forage and spawning h a b i t a t  (13). 

The plant develops roots but does not need them as it can often 

be found free-floating. Coontail has been known to reach 

nuisance levels and does so in part because t h e  plant can grow to 

over six feet long with  numerous branches (14). Thorny seeds a re  

produced underwater during the growing season but coontail 



Table 9 .  O c c u r r e n c e  and Abundance of Macrophytes by Depth, 
Weyauwega Lake, September, 1991. 

CODE 1 IN=5) 
C Abun- 

% of dance  
Sites tranael 

BRASC 
CERDE 
CHASP 
ELOCA 
FILAL 
LEMMI 
NOPLT 
NYMSP 
POTAM 
POTCR 
POTFO 
POTPE 
POTRI 
POTZO 
SCISP 
TY PLA 
VALAM 
WOLCO 

Depth Ranges 

2 (N=S) 
C Abun- 

% of dance 
Sites ( range)  

3 (N=3) 
E Abun- 

% of dance 
S i t e s  ( ranqe l  

Table 10. Comparison of Occur rence  as P e r c e n t  of Total Abundance 
for Selected Macrophytes by Depth, Weyauweqa Lake, 
1991. 

Species Code Depth Range 

1 2 3 
JUNE SEP J U N E  SEP JUNE SEP 

CERDE 2 3 18 16 2 0 29 23 
ELOCA 0 5 16 11 26 3 3  
L E M M I  3 2  21 14 11 0 0 
POTCR 0 5 12 11 29 27 
WOLCO 11 21 9 11 0 0 
SCISP 32 26 3 6 0 0 



Table 11. Abundance Distribution and S u b s t r a t e  Relations f o r  
Selected Macrophytes, Weyauwega Lake, 1991. 

fiI MUCK/ROCK 3 1  0 1  5 1  0 0  0 0  4 3  0 0  0 1 0 0  0 0 
A2 MUCK 1 2  1 0  2 0  2 0  0 0  0 1  0 1  4 2 0 2  0 0 

C1 GFLAWLIROCK 3 2 0 0 4 0  0 0 4 3 2 0 0 0 0  0 2  H O  
CI MUCK 4 2  4 0  4 4  2 2  3 4  0 2  0 0  3 2  0 0  0 2  
r3 MUCK 3 4  3 1  0 0  4 0  0 0  0 0  2 3  0 0  0 0  0 0  

Dl hlUCK 4 0  0 0  5 2  0 1  5 4  3 O D  0 0  0 1  0 0 
1)2 MUCK 4 3  4 3  4 1  3 2  d l  0 2 0  f 0 0 0  0 0 
0 3  hrUCK 3 3  3 3  0 0  3 4  0 0  d o  0 2  o o O D  o o 

t 1 KOCK/MUCK 0 I 0  1 3 O 0  1 0 0 0 0 0 0 0 0  0 0  0 0  
~1 MUCK 3 3  3 3  0 1  2 2  a 2  0 0  i l  0 0  0 0  o I 
F? MUCK 4 0  3 3  0 0  3 4  a 0  0 0  3 0  o o D O  o o 



reproduces primarily by t h e  formation of w i n t e r  buds which fall 

to the bottom and form new plants in t h e  Spring (14). 

Common waterweed (Elodea canadensis) was t h e  second most abundant 

macrophyte (at 15 of 26 sites) and is also a common nuisance 

plant in Wisconsin (13). Common waterweed also f a v o r s  soft 

s u b s t r a t e s  and grows completely submerged (rooted or free- 

floating) and o f t e n  in t h i c k  beds. It is also a perennial and  

t h e  plant can o f t e n  survive under ice cover and t h u s  g e t  a 

e a r l i e r  s t a r t  than o the r  p l a n t s  in t h e  S p r i n g .  Reproduct ion is 

almost entirely by plant fragmentation and t h e  p l a n t  foliage 

provides fair waterfowl  food (14) . 

Two generally accepted methods to estimate sedimentation utilize 

Lead-210 or Cesium-137 i s o t o p e s  (1). Lead-210 d a t i n g  of a 

sediment core t a k e n  off of t h e  main channel in t h e  upstream reach 

of the impoundment w a s  inconclusive, due primarily to equipment 

malfunction, and the results, which indicated little current 

sedimentation, are very suspect. Mathematical fo rmulas  f o r  

estimating sedimentation suggested significant sedimentation 

taking place in Weyauwega Lake. One formula (probably the most 

a c c u r a t e  of t h e  three to be discussed) is based on i n f l o w i n g  and 

in-lake average annual total phosphorus  l eve ls  and indicated a 

sedimentation rate (unitless number) of 29.5 (Table 12). Another 

estimate of sedimentation rate {FR) was derived using t h e  square 



root of the f l u s h i n g  rate (which equals t h e  inverse of t h e  

r e t e n t i o n  t i m e ) .  T h i s  estimate for Weyauwega Lake is probably 

low because retention time, based on lake volume, has not 

recently been determined, e . g . ,  a f t e r  f u r t h e r  filling in of t h e  

b a s i n .  The FR estimate indicated Weyauwega Lake to have a 

T a b l e  12 .  Sedimentation Rates f o r  Wisconsin Impoundments, Natural 
Lakes and Weyauwega Lake as Determined by Three 
Estimates. ' 

Sedimentation R a t e  N a t u r a l  
Based on: Im~oundments Lakes 

Phosphorus - 
FR 5.8 
lO/rnean depth (m) 5.4 

Weyauwega 
Lake 

1 Adapted from "Limnological Characteristics of W i s c o n s i n  
Lakes" (11) 

sedimentation rate over 2 times that expected in impoundments 

(Table  12). The third estimate equates sedimentation rate with 

10 div ided  by the lake's mean depth (in meters). This estimate 

may also be in error since t h e  average depth may have changed 

since last determined. T h i s  e s t i m a t e  also shows Weyauwega Lake 

to have a higher sedimentation rate than expected for 

impoundments. If data f o r  t h e  last two estimates were modified 

to account for filling in, t h e  estimates would increase because 

flushing rate would be higher (decreased less lake volume) and 

t h e  mean depth would be lower; it may then be assumed that t h e  FR 

and mean depth rates probably underestimated sedimentation. 



Lakes are estimated to fill in from 0.10 to 0.50 inches  per year  

( )  Using t h i s  est imate,  combined w i t h  the  sedimentation 

f a c t o r s  in Table 1 2 ,  sedimentation f o r  impoundments would 

typically range f r o m  0.2 inches to 2.6 inches p e r  year; Weyauwaga 

Lake sedimentation would be estimated between 0.3 and 5.3 inches 

per year (11). 



BASELINE CONCLUSIONS 

Weyauwega Lake water quality, despite heavy n u t r i e n t  

i n f l o w  f r o m  t h e  watershed and storm sewers is f a i r  t o  

good. The i n - l a k e  n u t r i e n t  readings  o v e r a l l ,  were less 

than expected for natural lakes in the region and less 

than the average for impoundments. T h i s ,  coupled w i t h  

comparatively low chlorophyll g and good transparency, 

suggested that the nutrients are probably being bound 

in sediments or utilized by the extensive macrophyte 

assemblages. 

Macrophyte growth is widespread, v e r y  abundant and 

dominated by a few species. Adequate water clarity and 

nutrients and predominantly soft, shallow shelf areas 

make conditions in Weyauwega Lake (like many other 

impoundments) conduc ive  t o  nuisance a q u a t i c  plant 

growth. T h e  most abundant species were c o o n t a i l  and 

common waterweed; bo th  have the potential to g r o w  i n  

nuisance proportions. Recrea t iona l  use  of the resource 

is restricted by dense macrophytic growth throughout  

much of the open-water season. 

Weyauwega Lake sedimentation was e s t i m a t e d  by Lead-210 

dating as low but results  are considered inconclusive 

and suspect .  Mathematical formulas e s t i m a t e d  

sedimentation to be significant and possibly severe in 



upstream reaches of the impoundment. Physical 

characteristics of the impoundment, particularly as 

they relate  to a large, predominantly agricultural 

watershed and storm sewer inflows contribute 

significantly to sedimentation of Weyauwega Lake. 



MANAGEMENT ALTERNATIVES DISCUSSION 

WATER QUALITY AND SEDIMENTATION 

Weyauwega Lake is an impoundment with basin characteristics prone  

to s e d i m e n t a t i o n ,  non-point sou rce  r u n o f f  effects and extensive 

macrophytic growth ,  Event  samples collected by WLCC indicated 

high n u t r i e n t  inputs ( f r o m  feeder creeks and particularly from 

storm sewers 2 a n d  3 ) ;  regular in-lake monitoring indicated 

nutrient levels lower than those typical of o the r  impoundments 

and even n a t u r a l  lakes in t h e  region. Sedimentation is probably 

significant and may be severe, especially in the u p s t r e a m  reaches 

of the impoundment. Macrophyte growth is dominated by few 

species at nuisance levels. Recreational use of t h e  impoundment 

is severely impaired throughout open-water periods as most of the 

l ake  is impassible shortly a f t e r  ice-out. 

Before  d r a s t i c  management measures a re  t aken  to reclaim or 

l t r e juvena te"  the resource, steps must  be taken to reduce sediment 

and nutrient inputs to t h e  extent possible and/or p rac t i ca l .  

Efforts should be made to i d e n t i f y  runoff or erosion prone areas 

and control nutrient a n d  sediment inflows on a watershed-wide 

bas i s .  Major emphasis should be given to installation of devices 

to reduce n u t r i e n t  and sediment inputs to the drainage basin 

( i . e . ,  animal waste containment facilities, barnyard r u n o f f  



c o n t r o l  devices and fencing around waterways). Designation of 

t h e  Waupaca R i v e r  Watershed as a priority watershed should be 

strongly encouraged to facilitate acquisition of cost-share 

funding. The feasibility of redirecting city storm sewers s h o u l d  

also be assessed. 

While inflows from the upstream watershed are probably of primary 

i m p o r t a n c e ,  r i p a r i a n  land use practices can, cumulatively, have a 

significant influence on water quality and land owner diligence 

should be strongly emphasized and encouraged. Common sense 

approaches are r e l a t i v e l y  easy and can be ve ry  e f fec t ive  in 

minimizing inputs. 

Y a r d  practices can minimize both nutrient and sediment inputs. 

Lawn fertilizers should be used spar ing ly ,  i f  a t  a l l .  If used, 

the land owner should use phosphate-free fertilizers and apply 

small amounts more o f t e n  instead of large amounts at one or two 

t i m e s .  Cornposting lawn clippings and leaves away from the l a k e  

can reduce nutrient inputs  to t he  lake. If leaves are burned, i t  

should be done i n  an area where t h e  ash cannot wash directly into 

the lake (s), or indirectly to t h e  lake v i a  roadside ditches. 

C r e a t i o n  of a buffer strip w i t h  diverse plants at l e a s t  20 feet 

w i d e  immediately adjacent to the lake can control wave erosion, 

trap soil eroded from the land above, increase infiltration (to 



filter n u t r i e n t s  and soil particles), and shade areas of t h e  lake 

to reduce macrophyte growth (especially on south shores) and 

provide fish cover. Placement of a low berm in this area can 

e n h a n c e  effectiveness of t h e  buffer  s t r i p  by f u r t h e r  retarding 

r u n o f f  d u r i n g  rainfalls. A buffer zone protects l a k e  water 

q u a l i t y ,  creates h a b i t a t  f o r  wildlife, and provides  privacy (15). 

There are a number of informational sources fo r  land owners w i t h  

q u e s t i o n s  regarding land management p r a c t i c e s .  Some sources are 

outlined in Appendix V. 

MACROPHYTES 

Management of macrophyte populations should be a major o b j e c t i v e  

f o r  Weyauwega Lake.  While macrophytic growth can positively 

affect t h e  resource through forage fish and w i l d l i f e  

production/protection, shoreline stabilization and n u t r i e n t  

uptake, populations in Weyauwega Lake are present  at n u i s a n c e  

levels. Nuisance levels of macrophytes can cause organic sed iment  

build-up, preclude development of desirable diverse plant 

populations, reduce aesthetics, reduce DO (potential fishkills), 

impair recreational use and contribute to t h e  development of 

s t u n t e d  panfish populations. A macrophyte management plan should 

be c a r e f u l l y  thought out by prioritizing differing use areas in 

the lake. Numerous methods of macrophyte control and management 



are available ranging from rad ica l  habitat a l t e r a t i o n  to more 

subtle h a b i t a t  manipulation and are discussed below relative to 

Weyauwega Lake applicability. 

Dredging is a d r a s t i c  and c o s t l y  form of h a b i t a t  alteration. 

Before any dredge plan is developed or implemented on Weyauwega 

Lake, steps must be t a k e n  to ensure  dredging r e s u l t s  will be most 

cost-effective ( i . e . ,  last as l ong  as p o s s i b l e ) .  Only when 

erosion and nutrient control measures are implemented (to t h e  

extent p r a c t i c a l )  on a watershed-wide basis, should a dredging 

plan be considered feasible. A dredge p l a n  should involve as 

little sediment removal as possible (be c o s t  ef fec t ive)  to create  

access and edge (removal to a depth at which macrophyte growth 

would be retarded due to reduced sunlight). A basic plan f o r  

Weyauwega Lake m i g h t  involve dredging a relatively smaller area 

in t h e  upstream reach (wildlife/fish production/protection zone) 

a s  a catchment basin f o r  future sedimentation (extend  the 

longevity between dredges) and  a larger area in t h e  lower reaches 

adjacent  to deepest areas  f o r  increased access (most cost 

effective area) and edge. Emphasis should also be given to t h e  

potential f o r  redistribution of e x i s t i n g  unconsolidated sediment 

beds in the feasibility/design stage. 

Chemical treatment f o r  macrophyte c o n t r o l  has been shown to 

eradicate some undesirable species and leave others intact. The 



WDNR strongly discourages the use of chemicals because of 

n u t r i e n t  release, oxygen depletion, sediment accumulation, 

bioaccumulation and 'other unknown environmental hazards including 

invasion potential f r o m  nuisance exotics. Chemical effects are 

nondiscriminate and may harm desireable or beneficial plant 

populations; chemical t r e a t m e n t  should n o t  be considered f o r  

Weyauweqa Lake at this time. 

Aquat ic  p l a n t  screens have been shown to reduce plant densities 

in o t h e r  l a k e s  and may be applicable in near-shore  areas here. A 

f iberglass  screen or plastic sheet is placed and anchored on t h e  

sediment to prevent plants from growing .  This may also make some 

sediment nutrients unavailable f o r  algal growth. Screens shou ld  

be removed each f a l l  and cleaned in orde r  to last a number of 

y e a r s .  Screens are g e n e r a l l y  used in small areas of concern ,  

i - e . ,  around beaches, landings or piers .  

A newer t e c h n i q u e  of rototilling sediments to destroy plant roots 

appears to be effective in controlling plant growth f o r  a 

relatively longer  period than harvesting. The process is about  

the same cos t  per  hour  as a cont rac ted  macrophyte harvester  (16). 

A p o t e n t i a l  problem is disturbance of the sediments and 

resuspension of nutrients or t o x i c s .  

Installation of f l o a t i n g  platforms (black p l a s t i c  attached to 



wooden frames) j u s t  a f t e r  ice-out can shade the sediments, 

restrict plant growth and help to open corridors fo r  swimming or 

boat navigation. Shading is usually required f o r  three weeks to 

two months to impact nuisance plant growth (17). A drawback is 

that t h e  area cannot be used while the platform is in place. 

Remaining control methods consist, in one form or ano the r ,  of 

macrophyte harvest .  It is a commonly used technique which can be 

applied on a widespread or localized basis. I ts  efficiency, 

based on method of cut/harvest, can vary substantially with 

depth.  

Several conditions should be considered with respect to 

macrophyte harvest.  Macrophyte growth on Weyauwega Lake is dense 

and widespread; even intense harves t  e f f o r t s  will probably n o t  

manage all areas  of concern in the impoundment. Milfoils, 

coontail and common waterweed all spread easily by fragmentation; 

strong consideration should be given to the potential of these 

species to become even more dominant by becoming better 

established where competing macrophytes have been removed. 

Macrophyte harvesting is typically conducted w i t h  a mechanical 

harvester which cuts t h e  vegetation and removes (harvests) it 

onto a platform f o r  out-lake disposal. Given the precautions 

-regarding potential nuisance species dispersal and the ability of 



some plants to survive and spread when detached from the 

substrate, harvest  practices may even enhance the n u i s a n c e  

rnacrophyte problem through seed dispersal, f r a g m e n t a t i o n  or 

incomplete removal. Indiscriminate power boat usage, through 

formation of Nprop c u t "  f l o a t i n g  weed masses, may also contribute 

to this problem. 

Selective SCUBA assisted harvest has  been shown to selectively 

manage macrophytes. It can be used in deeper areas and to t a r g e t  

on ly  desired species ( e . g . ,  Eurasian m i l f o i l )  or nuisance growth 

a reas .  This method is l abo r  intensive, but has proved to 

effectively reduce n u i s a n c e  plant levels f o r  up to two years 

) With t h e  large area of potential macrophyte management in 

Weyauwega Lake, SCUBA assisted h a r v e s t  probably is n o t  a viable  

option f o r  widespread application. 

Raking weeds (using an o r d i n a r y  garden rake) in t h e  f rontage  area 

can be a very effective localized plant control method when done 

on a regular basis. Such concentration on the problem shallow 

water areas would reduce e f f o r t s  expended on other con t ro l  

methods. 



MANAGEMENT RECOMMENDATIONS 

Management obj ectives f o r  Weyauwega Lake must a d d r e s s  the 

lake/subwatershed and t h e  extended watershed areas. 

Lake/subwatershed management shou ld  involve near term 

implementation and longer term feasibility assessment to address 

nutrient, sediment and macrophyte problems. Near term measures 

should include: 

emphasis of riparian land use management (buffer 

s t r i p p i n g ,  fertilizer management, septic upkeep) ,  

implementation of effective localized macrophyte 

management to create edge and recreational access, 

definition of use  zones ( e . g . ,  upstream reach f o r  

w i l d l i f e ,  downstream reach f o r  recreation). 

Longer term measures should include:  

assessment of the feasibility of reducing storm sewer 

impacts on t h e  lake, 

assessment of t h e  feasibility and subsequent 

development/implementation of larger scale macrophyte 

management and/or dredging programs. 

The success and l o n g e v i t y  of these subwatershed measures w i l l  

depend upon attainment of  objectives for t h e  extended watershed. 

Extended watershed measures should include: 

identification of erosion prone areas or nutrient 

inflows in the  primarily agricultural watershed, 



implementation of BMPrs ( ~ p p e n d i x  VX) in areas of 

concern ( i . e . ,  adjacent to channels, erodible lands, 

etc. ) , 

pursue designation of t h e  Waupaca River Watershed as a 

p r i o r i t y  watershed to obtain cost-share funding to 

implement long term conservation practices. 



The success of any l a k e  management p l an  relates directly to t h e  

ability of the association/district t o  obta in  funds and 

regulatory approval necessary to implement t h e  plan. The WLCC is 

a v o l u n t a r y  association that does not have a lake district's 

specific legal or financial powers (to adopt ord inances  or levy 

taxes o r  special assessments )  t o  meet plan  objectives.  

T h e  Weyauwega Lake watershed is loca ted  w i t h i n  t h e  political 

jurisdictions of t h e  Town of Weyauwega, County of Waupaca and t h e  

S t a t e  of Wisconsin. These  u n i t s  have the power to regulate land 

uses and land use practices. Waupaca County ord inances  and plans 

p o s s i b l y  p e r t i n e n t  t o  t h e  Weyauwega Lake plan a re  summarized in 

Appendix VII. 

Potential sources of funding are listed i n  Appendix VIII. 



L I S T  OF REFERENCE8 

1. North American -Lake Management Society. 1988. The Lake and 
Reservoir Restoration Guidance Manual (First Ed.). EPA -- 

440/5-98/1002. and N.A.C.M.S. 1988. EPA 44515-88/002. 

2 .  Shaw, Byron, and Chris Mechenich. 1987. A Guide to 
I n t e r p r e t i n q  Water Quality Data. Unpublished. 

3.  isc cons in Department of Natural Resources, Bureau of Water 
Resource Management. 1983. Inland Lake Feasibility 
Studies. Unpublished. 

4 .  U n i t e d  S t a t e s  Department of Agriculture, S o i l  
Conse rva t i on  S e r v i c e .  1984. S o i l  Survey of Waupaca County 
Wisconsin. 

5. Wisconsin Department of Natural Resources. 1991. 
W i s c o n s i n  Lakes .  PUBL-FM-800 91. 

6. Wisconsin Department of Natural Resources .  1968. S u r f a c e  
Water Resources of Wauwaca County .  Unpublished. 

7 .  APHA. 1989. Standard Methods fo r  the Examination of Water 
and Wastewater (17th ED.). American Public Health 
Association. A m e r i c a n  Public Health Association Washington, 
DC 20005.  

8 .  Wisconsin Department of Natural Resources. 1986. 
Protocol  for Monitorinq Lonq Term Trend Lakes .  
D r a f t .  Unpublished. 

9. Wisconsin Department of Natural Resources. 1990. Wisconsin 
Self-Help Lake ~onitorinq Proqram W i t h  Spec i f ic  Data from 
1986-1988. PUBL-hi-233 90. 311 p. 

10. Omernik, James M. et. al. 1988. I1Summer Total Phosphorus 
in Lakes:  A Map of Minnesota, Wisconsin, and Michigan, 
USA." Environmental Manaqement 12(6): 815-825. 

11. Lillie, R .  A .  and J. W. Mason. 1983. Limnolosical 
Characteristics of Wisconsin L a k e s .  WDNR Technical Bulletin 
No. 138. 117 pp. 

12. Carlson, R. E. 1977. " A  Trophic  State Index f o r  Lakes." 
Limnol. Oceanoqr. 2 2 ( 2 ) :  361-9. -- 



LIST OF REFERENCES 
(Con t inued)  

13, Nichols, stanley A., and James G. Vennie. 1991. 
Attributes of Wisconsin Lake Plants. University of 
Wisconsin-Extension. 

14. Whitley, James R., B .  Basset, J. G. Dillard, R .  A .  Haefner .  
1990. Water Plants f o r  Missouri Ponds. 151 p .  

15. Wisconsin Department of Natural Resources. 1988. Home 
a n d  Garden Practices for Lake Protection. PUBL-WR-188. 

16. Wisconsin Department of Natural Resources-Lake Michigan 
District. 1990. Reconnaissance Report: A q u a t i c  Plant 
Manaqement. Unpublished. 

1 7 .  Moore, M. Lynn. 1987. NALMS Manaqement ~ u i d e  f o r  Lakes 
and Reservoirs. 48 p .  

18. Wisconsin Department of Natural Resources. 1987. 
B e c o m i n q  a Lake-Front Propertv O w n e r .  PUBL-WR-171 87. 



APPENDIX I1 
HISTORIC WaTER QUALITY DATA 

Weyauwega Lake, Waupaca County, WI 
S e c c h i  Readings: 05/90 - 10/91 

Lake Center 
(Source: WDNR Self Help Data) 
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APPENDIX VI 
Review of Best Management Practices (BMP1s) (l) 

ConservatlonTlllage: A farming pmtice that lm stalks or stems and mots intact in the field after harvest. Its purpose is to 
rcduce water runoff and soiI erosion compared to conventional tillage w h e n  the topsoil is m k d  and turned over by a plow. 
Conservation tillage is an umbrella term that includes any farming practice that reduces rhe number of times the topsoil is mixed. 
Other terms that art used instcad of consemtion tillage are (I) mir~imum tillage whcre one or more  opntions rh3t m k d  the lopsoil 
are eliminated; and (2) no-till where the topsoil is Ieft csscntially undisturbed. 

CRITERIA REMARKS 
1. Effectiveness 

a) Sediment Fdr to orellent, decre;lses sediment input to srrem~s and I ~ ~ P s .  (.10-P0% redurrd rillagc, 
W95% no tillage). 

b) Nitrogen (N) Poor. no effert on nitrogen input to strcams aad laker. 
c) Phosphom (P) Fair to wellent,  can reduce the  amounr of phosphorus Input to sr~rarns acd lakcs. (-10- 

90% reduced tillage, 50-9580 no rillzge). 
d)  Runoff Fair to exelle~lt, dccrcascs amolrnr of w i e r  running off fields mrr)ir:g sediment and 

phosphom. 

2. Capital C o s t s  High, beuuse requires purrhasc of new equipmcrlt by farmer. 

3. Opention and Maintenance Less expensive than conventiooal titlagc. Pottntial incxarc i n  herbicide costs. Patcn~ial  
increase in net farm income. 

4. bngwity Good, approximateIy wery fwe yean the soil h s  to be turncd wrr. 

5. Confidence Fair to exrcllent. 

6. Adaptability Good, but may be limited i n  nonhem areas ~hn t  eyeriencc lare cool springs, or in h e q ,  
poorly dr-ained soils. 

7. Potcnt iaI Treatment Side Effecv; Potential incl-exe in herbicide effeccs and insecticide contarnir~arion of surhce and 
g r o u n h ~ t e r .  Nitl'ogcn cantan~ination of groundwater. 

3. Concurrent Land 
blanngcmcnt Pmiccs Consider fenil~zer management and integrated pest management. 

integrated Pest Management: Pesu are any orpnisms that a1-e harmful to desired plants, and they are controlled with chemical 
agtnts d l t d  pcsticidcs. Intrgmted pes~ manqcment considers fxtors swh as how much pesticide is enough to control a problem, 
t h t  best r n t t h d  of  qpl j ing rhe pesticides, thc appropriate time for application and the safe handling, storage and disposaI o f  
pesticides and thcir containers. Other considerations include using resistant crop varieties, optimizing crop planting time, optimizing 
time of d~v appliwtion, rotating crops and biological controls. 

CRTTERIA REMARKS 
1. Effeztnentss 

a) Sediment No cflert, but pesticides attxhed to soil panicla u n  be carried to streams and lakes. 
b) Nilrogcn (N) No effect. 
C)  Phosphom (P) No effect. 
d )  Runaff No cKect, but water is the primary route for transponing pesticides to lakes and streams. 

2. Capital Costs No EM. 

3. Operation and MAntcnaoct Fanning cost, potential redunion in pesticide costs and an increase in net farm income. 

Pmr, as pesticides are applied one or more times per year to address different pests and 
different crops. 

5. Confidcncc Fair co exellent, reponcd pollutant redlrtions range from 20-90s. 

6. Adaptability hfethods are generalIy applicable wherwer pesticides are used: forest, farms, homes. 

7. Potential Treatment Side Effects Potential for ground and surface water contamination. Toxic components may be nailable 
to aquatic plants and animals. 

8. Concurrent Land 
Management Practica See crop rotation, consen~tion tiIlage. 




















